Experimental

Apparatus
A schematic diagram of the used flow injection system used is shown in Fig. 1 . The flow injection system is composed of an AS-21 Unico (United Products Instrument Inc., Dayton, NJ, USA) peristaltic pump and a V-450 6 port injection valve (Upchurch Scientific, Inc., USA). The determination of starane was carried out by means of a Unico 2100 UV-visible Spectrophotometer at 395 nm using a quartz flow cell with 1-cm path length. PTFE tubing (Becton Dickson, USA) was 1.19 mm i.d. for the carrier and the reagent stream and a 3-way connector.
Reagents
All chemicals used were of analytical reagent-grade purity.
The optimized reagent solutions consisted of a 0.15% nitrite solution in 0.36 M HCl and a 0.5% β-naphthol solution in a 0.2% sodium hydroxide solution. A standard stock solution of starane (1000 µg/ml) was prepared by dissolving 0.1 g of starane in 50 ml of ethanol and diluted up to 100 ml with distilled water.
Flow injection analysis
A starane solution (1 ml) was injected into a nitrite carrier stream for a diazotization reaction, which flowed down stream and was mixed with a coupling reagent (β-naphthol) to form the azo dye. The azo dye produced was measured at 395 nm.
Sample preparation
First, 15 g of homogenized food samples was extracted with 50 mL of a solvent (petroleum ether and acetone in 1:1). The sample was kept for 2 h with time-to-time shaking. After equilibration, the sample was filtered and the filtrate was concentrated on a rotary evaporator up to a volume of 2 ml. Each sample was analyzed in triplicate.
Recovery, %
A recovery test was performed on control samples, fortified with a known concentration of starane solution. The solvent was evaporated at room temperature for 1 h. The extraction was done exactly the same way as the sample. Six replicates of the fortified samples were analyzed. 
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The starane herbicide was spectrophotometrically determined by the diazotization method in a flow injection assembly. Since starane is a substituted pyridyl compound the NH2 group at the p-position was exploited for diazotization. Starane was diazotized with nitrite and the diazotized product is coupled with β-naphthol. The absorbance of the resulting azo dye was measured at 395 nm with a molar absorptivity of 1.5 × 10 4 L mol -1 cm -1 . The calibration graph was linear over the range of 0.6 to 10 µg/mL, with a relative standard deviation (RSD) of 1.67% and a sampling through put of 60 samples h -1 . The % recovery for the determination of starane was found to be 96%. The method was successfully applied to the determination of the active ingredient of starane herbicide in its formulation as well as in food samples. 
Results and Discussion
Preliminary investigations
Preliminary experiments were aimed at preparing a suitable manifold; batch tests were performed to add the reagent in a proper order, and also the FI assembly was tested by keeping the order of reagent addition as selected in the preliminary batch experiments.
The proposed reaction mechanism for the formation of azo dye is given in Fig. 2 .
The effects of the reagent concentrations were studied for formation of the azo dye compound. For optimum diazotization, the amount of nitrite was varied in the range of 0.05 -0.25%, and the maximum signal of diazotization was observed at a 0.15% solution. The effect of the acidity on diazotization was studied in the range of 0.12 to 0.6 M HCl solution. The maximum signal was observed at 0.36 M of hydrochloric acid. Therefore, the acidity for the formation of diazotized compound was fixed at 0.36 M. β-Naphthol was used as a coupling reagent, and the effect of its concentration on dye formation was studied in the range of 0.05 to 0.6%. An increase in azo dye formation was observed from 0.05 to 0.5% solution of β-naphthol. Above this range, the constant signal showed no change in the concentration of azo dye.
The optimized reagents concentrations were used in the flow injection analysis and the physical variables were studied such as the reactor length (R1 and R2), flow rate and injection volume. Since the optimum temperature for diazotization was room temperature, all of the FI manifolds were set at room temperature. The influence of the reactor length on the diazotization reaction was studied in the range of 10 -80 cm (R1). A reactor coil length of 60 cm was found to be sufficient for completing the diazotization reaction. Above 60 cm there was a slight decrease in the signal of the diazotized product. Similarly, the influence of the reactor length for coupling reaction was studied in the range of 5 -70 cm (R2). The result shows that the coupling reaction is fast compared to diazotization reaction. The signal was maximum at 50 cm length of the reactor coil, but decreased at greater lengths, because of the decomposition of azodye. The injection volume was investigated in the range of 1 -4 ml volumes. A loop of 1.0 ml was selected to maintain a good sampling rate. The flow rate was also studied in the range of 1 -8 ml/min. When the flow rate was increased, the signal increased up to a flow rate of 4.5 ml/min, and decreased at greater flow rates. A flow rate of 4.5 ml/min was selected as the optimum flow rate to obtain a good sampling rate, peak width and sensitivity. With this flow rate a sampling throughput of 60 samples/h was achieved.
Analytical performance
The calibration graph was found linear in the range of 0.6 -10 µg/ml of starane with a relative standard deviation of 1.67% and a molar absorptivity of 1.5 × 10 4 L mol -1 cm -1 . The statistical limit of detection, the limit of quantification, slope and the correlation coefficient were 0.05 µg/ml, 0.17 µg/ml, 0.107 and 1.00, respectively. The intercept of the regression equation was found to be zero.
Application to real samples
The proposed optimized FI system was used to determine the residue of starane herbicide in food samples of wheat, maize grains and in flour ( Table 2) . A recovery test was performed on control samples for the determination of starane. The recoveries of starane herbicide from the fortified wheat and maize samples varied between 93% and 96% ( Table 1 ). The residue level in the analyzed wheat grain and flour samples detected were 4 µg/g and 2.73 µg/g, respectively. In maize grain and flour samples, 3.3 µg/g and 2.7 µg/g of starane herbicide were found, respectively. The results were also compared with a batch analysis. The method was successfully applied to determine the concentration of the active ingredient in commercial formulation of starane herbicides. The lower values of the active ingredients in the obtained commercial formulations showed the adulteration of herbicides by local dealers. The proposed FI method is useful for the determination of starane in herbicide products and food samples.
Conclusion
A simple and easy FIA procedure is proposed for the determination of starane herbicides. The method is based on azo dye formation. The proposed method is applicable to the formulation of starane as well as residue determination in food samples with good precision.
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